ABSTRACT. To compare the effects of two dietary protein sources, fish meal (FM) and corn gluten meal (CGM), fecal moisture content, nitrogen balance and urinary excretion were examined in adult cats. The dietary protein source did not cause a significant difference in daily food intake, water intake, urine volume, dry matter digestibility or urinary nitrogen excretion, but fecal moisture content was lower (P<0.02) in the CGM group. The HCl-insoluble fraction of urinary sediment tended to be higher in the CGM group (P<0.10), although urinary pH was similar in the two groups. These results suggest that CGM is comparable with FM in respect to nutritional value and the urine acidifying effect, but FM may be preferable to CGM for the prevention of constipation and struvite urolithiasis in cats. KEY WORDS: dietary protein source, feline, struvite urolithiasis.
Cats are strict carnivores with several metabolic characteristics: they require relatively high levels of specific amino acids, essential fatty acids and vitamins that are rich in animal tissues [1, 8] , but commercial dry cat foods generally contain 40-60% of cereals as a starch source necessary for extrusion processing. Moreover, other vegetable ingredients are also frequently included in cat foods as an inexpensive protein source. Nutritional evaluation of vegetable ingredients for carnivorous cat foods should be required, but clear information is not yet available. As a first step in nutritional evaluation, the present study compared corn gluten meal (CGM) with fish meal (FM) as a major protein source for adult cats; they are representative plant and animal protein sources for cat food.
Six adult cats (three intact male and three intact female), which were clinically normal on the basis of physical examination, were used in a cross-over trial of 3 weeks per period. All the cats were individually housed in metabolic cages, and cared for according to the principles outlined in the ILAR Guide for the Care and Use of Laboratory Animals [7] . Body weight (BW) was measured at the beginning and the end of each 3-week period. The diet and water were freely available throughout the study. Food was provided daily in surplus at 4 PM. Intakes of food and water were recorded every day. The cats were kept in a temperaturecontrolled room (24 ± 2°C) with artificial light provided from 6 AM to 6 PM daily. Table 1 shows ingredients and composition of two extruded dry diets used in this study. Both diets contained ca. 50% of corn with either FM or CGM as a major protein source. Nutrients in the diets exceeded the requirements for the maintenance of mature cats [10] . For the last 7 days of each sampling period, urine and feces were collected every 24 hr at 4 PM. In addition, during the last 3 days of this period, first-voided urine after 5 AM was also obtained to measure urinary pH and the amount of sediment. Immediately after measuring the pH of freshly voided urine, sulfuric acid was added to the urine collection bottle to prevent electrolytes from crystallization and to retain volatile nitrogen components. Urine samples for measurement of nitrogen and nitrogenous compounds were pooled and stored at -20°C until analysis. Some of the freshly voided urine was used for the fractionation of urinary sediment precipitated by centrifugation at 12,000 × g for 20 min. The sediment was shaken with 1 ml of 1 N HCl solution for 24 hr at room temperature, as described previously [6] . The HCl-soluble fraction consisted mainly of inorganic materials, whereas the HCl-insoluble fraction consisted mainly of organic materials [14] . Yamate et al. [15] recently reported that the HCl-insoluble fraction contained an organic substance like Tamm-Horsfall glycoprotein, which was suggested to act as an organic matrix needed for the development of struvite urolith in cats [4, 11] .
The nitrogen in the diets, urine and feces, and urinary nitrogenous compounds (urea, ammonia, creatinine, creatine, uric acid and allantoin) were determined as described previously [2, 5] . Data were analyzed by ANOVA, with the General Linear Model procedures [12] . The statistical model included diet, animal and period.
All cats appeared to be healthy and did not manifest any clinical abnormalities throughout the study. In addition, BW change was minimal, and was similar in both diet groups (data not shown). Table 2 shows daily food and water intake, urine and fecal excretion, fecal moisture content, and dry matter digestibility in cats given the diet containing FM or CGM. Daily food and water intake tended to be lower in cats given the CGM diet, although the difference was not significant (P>0.10). In relation to the daily intakes, urine volume and fecal weight were slightly lower in the CGM group, and the decrease in fecal weight was near significant (P<0.09). On the other hand, fecal moisture content was 10% lower in the CGM group (P<0.02). Considering that the feces of cats given the FM diet were neither loose nor diarrheic, these results suggest stiffening of feces in cats given the CGM diet. In fact, increasing the CGM content in dry food tended to decrease fecal moisture content in a dosedependent manner (unpublished data). Sugihara et al. [13] revealed that cats given dry food with CGM as a major protein source tended to be more constipated than cats given all meat-type canned food. It is likely that the inclusion of a large amount of CGM in dry food results in stiffening of feces, leading to constipation, but there was no difference between the groups in the apparent digestibility of dry matter. Further studies are needed to know the reason for the decreased fecal moisture content when CGM was used as a major protein source for dry cat food.
Nitrogen balance and urinary concentrations of nitrogenous compounds are shown in Table 3 . Fecal and urinary excretions of nitrogen in cats given the CGM diet were quite comparable with those given the FM diet. Despite the higher biological value of FM protein, nitrogen retention was similar in the two groups, probably because dietary protein was supplied in excess to adult cats in both groups. Nevertheless, urinary concentrations of nitrogenous compounds in the two groups were different; concentrations of urea and ammonia were lower (P<0.01 and P<0.03, respectively), whereas concentrations of creatinine, creatine and allantoin were higher (P<0.02, P<0.07 and P<0.03, respectively) in the FM group. The reason for the higher concentrations of urea and ammonia in the CGM group is not very clear. Although it may reflect the lower biological value of CGM protein, nitrogen intake and nitrogen retention were similar in the two groups. Conversely, the increased excretion of creatinine, creatine and allantoin into urine in the FM group may relate to the higher creatine and nucleic acid content in FM than in CGM. Allantoin is the final metabolite of purine bases in mammals except for primates, and duodenal purine base is closely related to urinary allantoin in mammals [5] . Table 4 shows the urinary pH and sediment concentration in cats given the diet containing FM or CGM. Solubulization of struvite crystals related to struvite activity product, ], and complete solubulization was achieved at a pH below 6.7 [4] . Urinary pH was below 6.7 in both groups, and similar in both the diet groups. Both CGM and FM might be effective in the prevention of struvite crystallization at least in the dietary combination, although struvite activity product was not measured in this study. Unlike most plant protein sources, CGM may have a strong acidifying effect on urine, because the CGM is unusual in that it is a cereal protein that contains high sulfurcontaining amino acids such as methionine and cystine. The oxidation of these amino acids in the body would result in the excretion of sulfate in urine and a concomitant decrease in pH. Excess acidification of urine has been suggested to be a risk factor for calcium oxalate urolithiasis [9] , although the specific relationship between urinary pH and the urolithiasis is not clear. Further studies are therefore needed to clarify the effect of CGM diet on crystallization of calcium oxalate.
Factors affecting the HCl-insoluble fraction of urinary sediment are not yet known. Because the HCl-insoluble fraction contains organic materials responsible for struvite urolith formation as a matrix [3, 11, 15] , studies to explore the factors regulating the HCl-insoluble fraction would be necessary for the prevention of struvite urolithiasis. In the present study the HCl-insoluble fraction of urinary sediment tended to be higher in the CGM group than in the FM group (P<0.10), suggesting that the use of CGM as a major protein source may be a possible risk factor for struvite urolithiasis.
The results of this study showed that fecal moisture content decreased and organic materials in the urinary sediment increased in cats given the CGM diet, although the CGM diet was comparable with the FM diet at least for adult cats in respect to food intake, nitrogen utilization, and the urinary acidifying effect. These results suggest that FM is preferable to CGM for the prevention of constipation and struvite urolithiasis.
